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were 1.9:1:1.4 ,,is 2.3.4- 1,8/24 hrs, and total duration of ST segment shift 
was 23 ~ 19 ve 30 ± 38 mtnt24 hrs, in G1 and G2 respectively (p = N$); the 
number of pain episodas/24 hrs did not differ between G1 and N1 (1.3 4. 0.6 
vs 1.6 4. 0.8/24 hre; p = NS). HRV data are reported in the table. 
SDNN and SDANN wore lower ('p < 0.001) in pts with pain (G1, N1), as 
compared to those without (G2, N2); this occuned regardless the presence of 
CAD. pNN50 and rMSSD showed analogue changes (**p < 0.03). Values of 
HRV were similar in N2 and G2. In conclusion: 1) pts with stable angina, but 
not those with silent ischemla, show a disorder of autonomic nervous system, 
as shown by decreased HRV; 2) pts with non cardiac pain show reduction of 
HRV, as compared to eaymptomatic subjects. These data suggest that the 
perception of pain shifts autonomic balance towards s')m~oathatic prevalence 
beth in anginal or in non cardiac lots. 
~ The ANo¢ ia t ion  Between Growth of  
Atheroecleretic Plaques and Vasospastic Angina: 
An Atherectomy Study 
Himmasa Suzuki, Sateshi Sunayama, Sachio I~w~, Ryozo Okada, 
HIroshi Yamaguchl, Tedanod Aiz~va 1, Kazuzo Kato 1. Department of 
Cardiolog~, Juntendo University, Tokyo, Japan; I Cardiovascular Institute, 
Tokyo, Japan 
Although several studies indicated the relationship between progression of 
coronary artery disease and coronary spasm, thare are liltle data on patho- 
logical basis of this evidence. We therefore performed a histologic analysis 
of de-novo coronary lesions obtained by directional coronary atherentomy 
(DCA) from the patients with stable (SAP, n = 56), unstable (UAP, n = 54) and 
vasospastic angina pactods (VAP, n = 10). The diagnosis of the vesospastic 
angina was based on the clinical history of chest pain at rest and a f~ -i- 
rive response to an acelylcheline provocative test of the treated lesion, The 
DCA tissue specimens were evaluated light-micrescoplcafly for presence or 
absence of necrotic debds0 thmmbus and intimal hyperplasla. 
The results were as toliows: 
SAP (%) UAP (%) VAP (%) 
Number of I~lients 56 54 10 
Necrotic debds 13(23) 17(31) 0 (0) 
Thfombus* 9 (16) 26 (48) 1 (10) 
Intimal hypeq~lasla. 6 (11) 17 (31) 9 (90) 
=p < 0,05, between the groups. 
The intimal hyperplaala, suggesting recant growth of the atheres¢~erotic 
plaque, was very common among the patients with the vasespsstic angina. 
This finding supports previous angiographic data which suggested the asso- 
ciation between coronmy spasm and rapid growth of atherosciomtic plaques, 
~ Arterlsl  Grafts a Better Row Reserve Restore 
Thsn Venous Grafts in Coronary 
Revescularimtlon 
Oily(or Gum6, Patrick Chanu, Michel Buche, Yves Louagla, Philippe Eucher, 
Baudouin Marchandlae, Erwin Schroeder. University of Louvaln, Wolf, 
Be/glum 
Arteflal grafts are increasingly used in the hope to have a better palsncy rate 
than venous grafts but their ability to restore a normal flow reserve is still 
debated, due to their lower size. 
For that purpose, 28 artedal grafts (13 Internal Mammary Artsry, IMA; 15 
Eplgastdc Artery, lEA) and 17 venous grafts (SVG) were studied 24 4. 30 
months after surgeJy by quantitative angingrsphy and intravescular doppler 
At baseline and after papaveflne Injection. Bypass flow was calculated as 
the product of average velocity and cross section area. 17 normal coronary 
an'odes from normal patients served as control. 
At basal, SVG was larger than artedal grafts (3.37 -4- 0.63 vs 2.57:1= 0.35 
ram). A significant dilation was observed after papaverlna only in ertodal 
grafts (+ 9%. p < 0.001) and in normal corenan/ertedas (+ 12%, p < 0.001). 
Bypass flow raserve (Peak-to-Rest Flow Ratio) was significantly higher in 
artodal than in venous grafts (3.75 4- 0.94 ve 2,80 ± 0.86, p < 0.001) 
and similar to normal coronary artedas (4.23 -i- 1.12, NS). There was no 
difference between flow reserve In IMP, and in lEA (3.66 ~ 0.81 and 3,82 
4. 1.05 respectively). This increase in flow reserve was due not only to the 
vasodilatlon observed, but also to the higher increase in velocity achieved: 
Peak-to-Rest Velocity Ratio was 3.15 ± 0.60 in artedal grafts vs 2.78 ± 0.73 
in venous gmffa, p < 0,025. No difference in regional function and quality of 
the run-off of the grafts was observed. 
In conclusion, artedal grafts (IMA or IF.A), despite a lower size, seem to 
restore a higher flow reserve than venous grafts, due not only to their ability 
to increase their dimensions to the demand, but also to a higher ability to 
increase their flow velocity, which can be related to pafiphera! factors or to 
specific conduit properties. 
• Compaflson of  Doppler Ultresonography and 
venoue Occlusion Plethysmography in 
Assessing Endothellum-Mediated Vesodilation 
Henry D. Wu, Stuart D. Katz, Tehmen Khan, Marco R. Di TUIlio, Paul 
J. Cannon, Shun(oh( Homma. Columbia University, New York, NY 
Although high reso!ution Doppler utb'asonogmphy can be used to assess 
endothelium-medlated vasedilation of the peripheral circulation, this method 
has not been validated in vivo. Blood flow (DF) detemlined by ultrasound- 
derived flow velodty (FV) and vessel diameter (VD) was compared with direct 
flow measurements obtained by strain gauge venous occlusion plathysmog- 
raphy (PF) in 16 subjects. Using a 7.5 MHz linear array transducer, the va- 
sodilatory response of the brachlal artery to Intra-artedal infusion of various 
doses of acetylchalice (ACH, an.endo1.helium-depandent vesodilator) and 
to nilmglycefin (NTG, an endothelium-indepsndont dilator) were determined 
with simultaneous PF measurements: 
FV (cnv'~lec) VD (¢m) . DF (ml/mtn) PF (mVndrVt00 ml) 
Baseline 7.7 0.378 52 2.4 
ACH 10-7 M 71.6 0.472 751 31.5 
ACH 10-6 M 86.7 0.486 965 32.9 
NTG 10-7 M 43.9 0.483 322 17.7 
NTG 10-6 M 75.6 0.448 708 18.9 
These results demonstrate a strong correlation between DF and PF (r = 
0.92). Given the prac~cal difficulty In obtaining accurate simultaneous FV 
and VD measurements, we further assessed whether FV alone can serve 
as a surrogate ma.,,ker of vesodilation. In 10 subjects, FV was determined 
simultaneously with PF at rest and after reactive hyperemia induced by 1, 
2, and 3 minutes of transient arterial occlusion of the bmchial arte.,7. Mean 
flow velocity corralales best with PF (r = 0.94); while peak flow velocity (r 
= 0,82) and pulsalility index (r = 0.66) have weaker correlations. The high 
correlation between FV and PF suggests that changes in VD are small relative 
to the changes in FV. The lower con'elations between peak flow velocity 
and putcatllity index with PF suggest that the ultrasound method provides 
mere accurate indices of phasic flow changes. Thus utirasound-derived flow 
velocity is a reliable marker of flow changes and provides complementary 
data in adddion to total blood flow determined by plethysmography. 
~ Athemsclemsis Is a Common Finding in the 
Human Brachlal Artery That Correlates With 
Coronary and Carotid Disease 
Keld E. Somnsen, Ingdd B. Kdstensen, David S. Celermajer. Aarhus 
Univeralfy Hospital, Aarhus, Denmark; Royal Pdnce Alfred Hospital, 
Sydney. Austral/a 
Many investigators have recently studied endothelial and vascular function 
in the brachial circulation in humans, to facilitate ~ i n g  of coronary 
=tory disease and esdy atherosderesis. Dos~ite this, howev~, the preva- 
lence of bmchlal athemsclarnsis and its relation to coronary disease has 
never been documented. Segments from the brachlal (BA), common carolk:l 
(CC) and left anterior descending artery (LAD) were obtained udng autopsy 
in 52 consecutively examined subjects, and studied histologically using stan- 
dard techniques. Lesions were categorized as fatty streaks (grade I), fibrous 
plaques (grade 2) and advanced lesions (grade 3). There were 35 men and 
17 women, aged 21-79 (51 4-16) yeem. Atherosderotic lesions were found 
in the BA in 39 (75%), in the CC in 51 (98%) and in the LAD in 52 (100%). 
Prevalence and severity increased with age in all arteries. Lesion severity in 
the BA, LAD and CC were significantly correlated (BAvs LAD, r = 0.41, p = 
0.003, BAvs CC, r = 0.53, p = 0.0001, CC vs LAD, r = 0.69, p = 0,0001). 
The correlation between BA and LAD was pmticuisdy highly significant in 
subjects aged _< 50 years (r = 0.54, p = 0.002). Therefore, athernsclemels is 
common in the human BA, and is significantly correlated with both coronary 
and carotid disease. These results su,;,.;,est that the brash(el circulation may 
serve as a reasonable "surrogate" for studying atheroscieresis, particularly 
in younger adults. 
~ A  Simple, Rapid, Noninvesive Method for  the 
Detection of  Nitroglycerin Tolerance end 
Croes-Tolerance 
Gerard M. McGorisk, Robin C. Aaldns, J. Larry K/aln, Charles B. Treasure. 
Emory Universily, Atlanta, GA 
The major limitation to long-term efficacy of nitroglycerin therapy is the davel- 
opmant of tolerance and cress-telemnoe (tolerance to other nitmvasodilators 
and to endothalium-depandant vasodilators). Detsclfon of tolerance is often 
difficult, relying on clinical symptoms and/or hemodynsmic measurements. 
We describe a simple nonthvasive method for the de~tion of nftn~glycefln 
tolerance in the clin'¢al setting. We studied 10 healthy vetunteem (40.4- 14 
years old, 4 farce(a, 6 male) using branhial artery ultmsonogmpby at baseline 
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and after 6.5 ± 1 days of constant nH;og~¢edn therapy (nitroglycerin patch 
0.4 mg/hr x 24 hours/day). At each study, brechial artery clilator esponses 
to hyperemk: Mood flow (flow-mediated dilation, an endothelium-dependent 
response) and to 0.4 mg sublingual nltrnglycedn were measured. Doppler 
flow velocity was measured at baseline and follow-up to ensure a similar 
flow stimulus. Resting artedal dimensions, byperemic flow velocities, artedal 
pmnsum, and heart rate were similar at baseline and tcflow-up studies. At 
baseline, the brachial mtewy dilated 5 :l: 3% to hypemmic flow and 17 ± 
7% to suhfingual nitroglycerin. After 6.5.4- 1 days of constant nifrnglycedn 
therapy, these responses were dramatically impaired. Breohlal artery dila- 
tion to hyperemic flow and sublingual niS"oglycedn was only 1 4- 2% (p = 
0.02 ve baseline) and 5 -;- 6% (p = 0.01 vs baseline), respectively. Thus, 
using a situate, rapid, noninvasive method to evaluate vascular adaptations 
to constant nitroglycerin therapy, we have demanstrated nltroglycodn toisr- 
ance and cross-tolerance. This method is a reliable and useful tool for the 
clinical detection of nifmglycedn tolerance. This technique should enhance 
our ability to investigate the mechanisms of nitroglycerin tolerance. 
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~ 17/~l-Estradiol Inhibits o f  Cultured Apoptosle 
Endothelial (;ells 
Sanfurd J. Gips, Rane J. Alvarez Jr., Emily E. Millikan, Chi Van Dang, 
Pascal J. Goldschmtdt-Clermont. Johns Hopkins University, Baltimore, MD 
Endothelial cell dysfunction and accelerated turnover are early steps in the 
athe~'.,gsnic process. Estrogen metabciltas are among the mast potent anti- 
alhsrngenic agents available fur post-manopaucal women although the com- 
plete mechanism of estrogen's protective ffect is unknown. We show that 
17b-astredldi (F.2) inhibits apoptoals in cultured endothelial cells and that 
the alfent may be mediated by increased tymsins phnspholylaflon (YP) of 
pp125 focal adhesion kJnasa (FAK). Bovine aorflo endothelial cells (BAEC) 
cultured __<. 2 passages and grown in E2-froe or 10 nM E2-containing me- 
dia were subjected to FACS analysis of in site terminal deoxynudeotidyl 
transferese.mediated dUTP nick end labeling (TUNEL assay) to quantitste 
apoptoals. E2 resulted in a 609,o reduction in apoptosis (n = 3, p = 0.02). 
We studied the effect of bdef (1 hr) exposure to valying concentrations of 
E2 -~ 1 mM E2-receptor antagonist ICI 164,384 (ICI) on YP of FAK. After 
normalizing for protein content, FAK was quantiteted on Western blots of 
immune complexes precipitated with anti-YP agarose beads, developed with 
anti-FAK and analyzed by densflomeW (n = 3): 
E2 conc. (M) 0 10 -5 10 -6 10 -7 10 -9 10 -5 ÷ ICI 10 -9 + ICI 
ReL density 1.00 2.38 2.60 3.99 3.22 2.25 1.as 
Compared to controls, I hr E2 exposure resulted in marked increase in YP 
of FAK at all E2 concentrations but was most pronounced in the p~,siologlcat 
(10-7-10 -9 M) range. 48 hr. pre-treatment with ICI partially inhibited the 
response. 
The independent observation that disruption of ceti-mstdx contact in- 
creases endothelial celt susceptibility to apoptosis supports the hypothesis 
that E2-1nduced hyperphosphorylation f FAK may reduce apoptosls by an- 
hanoing BAEC-substmtum Interaction. Inhibition of apeptoals by estrogens 
may account for some of the anti-sther~,~entc properties of these compounds. 
~ Atrial Natrluretic Peptlde induces Apoptosls In 
Neonatal Rst Cardiac Myocytes 
Can-Fang Wu 1 , Nanetto H. Bishopric 2, Richard E. Pratt I . ~ Stanford 
Un[vers#y School of Medicine, Stanford, CA; s Sill International, Menlo 
Park, CA 
Apoptoals of cardiac myocytas has been hypothesized to contribute to the 
pathogenasts of congestive heart failure (CHF), he;vevar, the identity of po- 
tential mediators of this apoptosls have not been dst~trmined. Inchronio CHF, 
plasma concentrations of atrial satdumtio poptlde (~,NP) are significantly in- 
creased, and ANP gane expression is upregulsted. However, Iltt!e is known 
about the direct effects of ANP on cardiac myocytes. In cultured neonatal rat 
cardiac myecytas, we found that ANP induced apoptosis in adose-dependent 
manner, as measured by both nuclear condensation and fragmentation as 
well as intranucieosomat DNA cleavage. Maximum effects occurred under 
serum-free conditions at 10 -e M ANP, with a 2.5 ± 0A9-foid (mean :t: SEM, 
n = 7) Increase over control In the percentage of apeptoflo coils, reaching 
apoptotic indices of 153 :t: 3.4% (n = 7). in contrast, the apoptstic index 
in ANP-treated, selectively plated, non-myocytas reached only 1.1 4- 0.2% 
(n = 4), suggesting that ANP-Inducod apoptosis was myscyto-speclfis. This 
specificity was confirmed by immunostalning using an anti-dasmtn antibody. 
RT-PCR indicated that all three ANP receptor subtypes were expressed in 
cultured myocytas. Sodium nifroprusside, which increases cyclic GMP via 
the release of NO and the subsequent activation of soluble gcanylyl cyclase, 
doce-dupandently induced apoptosis. Also, the cGMP-spocitlc phasphodi- 
esterase inhibitor, zapfinast, enhanced ANP-induced apoptosis at low con- 
centrations of ANP. Nompinsphdne, a growth factor for cardiac myscytes in 
this model, did not induce apoptosls. These results suggest hat ANP induces 
apoptosis via a cardiac n~ocyta-spe~flo, receptor-mediated pathway, pos- 
sibly involving the elevation of intracollular cGMP. ANP-mediated apoptoals 
of cardiac myocytes may play a significant role in the progression of chronic 
heart failure. 
~ T h e  Protelnase Activated Receptor-2 (PAR-2) 
Mediates Mltogenl© Responses In Human 
Vascular Endcthellal Cells: Charsctsrizctlon and 
Evidence for  Coupl ing to  the Thrombln Receptor 
(TR) 
Humayun Mk'za, Victoda Yatsula, Wedle F. Bahou. Dept. of Medicine, State 
Universirl of New York at Stony Brook, NY 
Pmteolytically cleaved receptors represent a novel class of receptors which 
mediate signaling by functional coupling to G proteins. Noribem analysis 
completed with an ~-900 bp mudne PAR-2 PCR fragment as probe demon- 
alratsd the ~.3.5 Kb PAR-2 transcript in total cellular RNA from HUVEC, al- 
though a second ~2 Kb transcript was evident using low stdngancy wash con- 
ditions. MicrospectrofluodmeW using fura2-10eded HUVEC demonstrated a
dose-dependent elevation in intmcytosolic calcium transients ([Ca+2]~) to 
mudne PA~ ($LIGRL), with an ~:~ ECso of 30/~M, and evidence for ho- 
malogous desensitization with full recovery at 45 minutes. Xenopus oocytos 
micruinjected with TR cRNA failed to respond to 200/~M PAR ss-~, and TR- 
targeted antisensa oligonudectidas pocifisafly abrogated thmmbin-inducod 
but not PAR~J-'44-medisted [Ca+2]l, excluding the possibility that TR/PAR-2 
cell-surface co-expression were structurally linked. To define potential func- 
tions for this receptor, endothelial cell proliferative responses to PAR -~'~ 
were studied, and demonstrated a dose- and time.dependent response sim- 
ilar to that seen with thmmbin or TR 4P~7 (thrombin receptor activating 
paptide, SFLLRN). Preectivation of HUVEC with either PAR 3s-e'4 or throm- 
bin resulted in heterologous desensitization to the corresponding agonist, 
an effect that was mediated pdmadly by TR internalization as evaluated by 
immunofluorescance and quantitative EUSA. These results ascribe a navel 
function to the PAR-2 receptor, imply that an enzyme agonist may circulate 
in plasma, and suggest he presence of an additional regulatory mechanism 
controlling receptor activation events in endothelial cells. 
